Abstract
INTRODUCTION
According to the World Health Organization (WHO) [1, 2] , hepatocellular carcinoma (HCC) is the fifth most com mon malignancy in the world and the second leading cause of cancerrelated deaths. HCC is one of the most common malignancies in China. Because early diagnosis is difficult, it often goes undetected, and once diagnosed, more than half of patients find themselves with HCC in the middle and late stages of the disease. If patients with liver cancer are not treated, the average survival time is approximately 3 mo. Thus, liver cancer remains one of the worst malignant tumors [3] . Despite this, early detection, early diagnosis, and early surgical treatment are still the keys to improved clinical outcomes in liver cancer treatment [4] . In recent years, with the advancement of diagnosis and treatment techniques for liver cancer, many patients have been diagnosed with liver cancer at early stages, and the detected tumors have been surgically removed, yielding a timely and effective treatment. However, statistics indicate that although the oneyear survival rate of radical resection of hepatocellular carcinoma has increased from 39.3% to 87.0%, the 5year survival rate after surgery is still only 15%40%, and 62%82% of patients relapse within two years [5] . MicroRNAs (miRNAs), are small, singlestranded RNAs of approximately 1923 nucleotides in length. They are often located in noncoding regions of the genome and are highly conserved across evolution, allowing the regulation of gene expression at the posttranscriptional level. MiRNAs are extensive and diverse in eukaryotes, and they represent a group of noncoding RNAs. Several studies have found that miRNAs can resist the effects of RNase and are stably present in serum; additionally, the expression profiles of miRNAs in the serum of normal and cancer patients are significantly different [610] . MiRNAs appear to be useful biomarkers for cancer. As the 5year survival rate of HCC patients is very poor, it is equally important to evaluate the prognostic or therapeutic effi cacy such biomarkers. However, few studies of HCC to date analyze the dynamic changes of miRNA in patient serum.
In this study, Illumina nextgeneration sequencing (NGS) and reverse transcriptional quantitative PCR (RT qPCR) were used to characterize the genomewide miRNA expression profiles in sera from HCC patients and control groups, identifying a panel of serum miRNAs that could be used as novel biomarkers for diagnosis of HCC.
MATERIALS AND METHODS

Samples
A total of 149 patients with HCC, 20 patients with liver cirrhosis and 15 patients with chronic hepatitis were treated from 2013 to 2016. All patients were newly diagnosed. Eighty of these patients had tumor resection before any adjuvant treatment. None of the patients in this study had acute infections or other types of cancer. In addition, 146 people who did not display any signs of disease at the time of participation in the physical examination were collected as noncancer controls. All participants have signed informed consent documents, and this study was approved by the ethics committee of hospital.
The preoperative serum of HCC patients was collected upon admission to the hospital, and the postoperative serum was collected 7 days after operation. Each patient had 5 mL of venous blood drawn, which was then cen trifuged at 3000 × g for 5 min at 20 ℃. The samples were then stored at 80 ℃ until analysis.
RNA isolation
For TaqMan LowDensity Arrays (TLDA), equal volumes of sera from 35 HCC patients and 35 controls (400 μL each) with a similar age and sex distribution were pooled separately to form the case and control sample pools (each pool contained 14 mL total sera). Total RNA from each serum sample pool was extracted using TRIzol (Invitrogen, Carlsbad, CA, United States) according to the manufacturer's instructions. The aqueous phase was extracted and then subjected to a 3step acid phenol/ chloroform purification to remove proteins, followed by isopropanol precipitation. The RNA pellet was solubilized in 30 μL of ribonucleasefree (RNasefree) water. RNA was then quantified using a NanoDrop 2000 UVVis spectrophotometer (Thermo Fisher Scientific Inc). The amounts of the two RNAs extracted were 8.5 mg and 7.8 mg, respectively.
For RTqPCR analysis, total RNA was extracted from 100 μL of serum. Briefly, 300 μL of RNasefree water was mixed into 100 μL of each serum and then mixed with 200 μL of acidic phenol and 200 μL of chloroform. The mixture was vortexmixed vigorously and then incubated at room temperature for 15 min. After centrifugation at 12000 × g for 20 min at 4 ℃, the phases were separated, and the aqueous layer was mixed with 2 volumes of isopropanol and 1/10 volume of 3 mol/L sodium acetate (pH 5.3) and then stored at 20 ℃ for 1 hour. After precipitation, samples were centrifuged at 16000 × g for 20 min at 4 ℃ to collect the RNA pellet, followed by washing once with 75% (V/V) ethanol and drying at room temperature for 10 min. Finally, 20 μL of RNase free water was added to solubilize the RNA pellet, and then, the samples were stored at 80 ℃ until further analysis.
TLDA
MicroRNA profiling was performed on 754 different human microRNAs using the TLDA (TaqMan Array Human MicroRNA A+B Cards Set v3.0) (Life Tech nologies). First, reverse transcription was performed using the TaqMan MicroRNA Reverse Transcription Kit and Megaplex RT Primers. Briefly, 3 μL of total RNA was added to 4.5 μL of the RT reaction mix (Megaplex RT Primers 10 ×, RNase Inhibitor 20 U/μL, MultiScribe Reverse Transcriptase 50 U/μL, 10 × RT Buffer, dNTPs with dTTP 100 mmol/L, nucleasefree water and MgCl2 25 mmol/L). Reverse transcription was performed in a thermal cycler (Applied Biosystems) after reactions were incubated on ice for 5 min. After reverse transcription, we performed a preamplification to increase the sensitivity of TLDA, using the 7900 HT Fast RealTime PCR System (Applied Biosystems) [11] . The concentrations of miRNAs are presented as threshold cycle (Cq) values, and the calculated ΔCq of each miRNA is normalized to an internal reference suggested by the manufacturer. The equation 2 ΔΔCq was used to calculate the fold changes in miRNA expression.
Quantification of miRNAs by RT-qPCR analysis
qRTPCR was performed according to the manufacturer's instructions using the hydrolysis probebased qRTPCR using 7300 Sequence Detection System (Applied Biosystems).
Reverse transcription was carried as previously de scribed [8] . The reaction mixtures were incubated at 16 ℃ for 15 min, followed by 42 ℃ for 1 h and 85 ℃ for 5 min. Samples were then held at 4 ℃ for cDNA synthesis. The qRTPCR was performed as previously described [8] . All experiments were carried out in triplicate. The qRTPCR data was normalized to a combination of let7d, let7g and let7i (let7d/g/i) serving as an internal reference as previously described [12, 13] . The 2
ΔΔCq method was performed to calculate the relative levels of miRNAs [12, 14] .
Statistical analysis
We performed statistical analyses using SPSS 16.0. The data were expressed as the mean ± standard deviation (SD). Differences in variables between two groups were compared using a student's ttest or twosided χ 2 test, and Pvalue of < 0.05 was considered statistically significant. To evaluate the selected miRNAs' predictive power, receiveroperatingcharacteristic (ROC) curves were also constructed and the area under the ROC curves (AUC) was calculated. Furthermore, to evaluate the associations between miRNAs and HCC, we performed a risk score analysis as previously described [9] . The risk score analysis was performed as previously described [9] . For each miRNA, according to a linear combination model of the expression level, a risk score function (RSF) to predict HCC was defined. There is an equation for the RSF for sample i: rsfi=Σ 7 j1Wj.sij. In this equation, for a miRNA j, the weight of its risk score is represented as Wj, and its risk score in sample i is represented as sij. To determine the Ws, four univariate logistic regression models were fitted to each of the risk scores using the disease status [15, 16] . To indicate a miRNAs' contribution to the RSF, we used the regression coefficient of risk score as the weight. Samples were ranked according to their RSF and then divided into a highrisk group, representing the predicted HCC cases, and a lowrisk group, representing the predicted control individuals. To evaluate the diagnostic effects of the miRNA panel, frequency tables and ROC curves were analyzed to find an appropriate cutoff point.
RESULTS
Expression profile of serum miRNAs by TLDA
To determine the set of effective miRNAs that would be useful as biomarkers for monitoring tumor dynamics and diagnosing and forecasting the prognosis of HCC, we designed a case control study ( Figure 1 , Table 1 ). In total, 35 HCC and 35 normal control serum samples were pooled to analyze the expression of miRNA using TLDA. A miRNA was considered upregulated if its Cq value was < 25 in HCC and its concentration showed > 2fold (overexpressed in HCC compared to the control). Comparative analysis of all 754 miRNAs revealed that 53 miRNAs (7.03%) were differentially expressed in the a single sample in the pooled sample of the two groups measuring abnormally for a particular miRNA. Therefore, the array results needed to be validated using RTqPCR analysis performed at the individual serum sample level. The 9 most dramatically differentially expressed miRNAs in TLDA were further examined in an independent cohort of 84 HCC patients using an individual RTqPCR assay. As a result, 4 serum miRNAs (miR375, miR10a, miR122 and miR423) were found to be statistically significantly over expressed in HCC patients compared with those of the normal controls (at most P < 0.0001) ( Figure 2AD ), HCC set. The miRNAs that had Cq values that were < 25 and had expression levels in HCC more 35fold higher than those of the normal controls were selected for additional RTqPCR validation. Finally, 9 miRNAs including miR375, miR10a, miR23a, miR125b, miR122, miR 320a, miR320b, miR99a and miR423 were selected for further analyses.
Confirmation of miRNA production by RT-qPCR analysis
Although the TLDA is a RTPCRbased assay, some inaccuracy in the measured Cq values is possible, due to and 3 miRNAs (miR23a, miR125b and miR99a) were also increased in HCC patients but were not statistically significant. While the other 2 serum miRNAs (miR320a and miR320b) tended to be decreased in HCC patients, none of them showed a statistically significantly decrease in expression.
In another validation cohort including 30 HCC patients and 30 matched controls, we examined the expression of these 4 miRNAs by RTqPCR. The results demonstrated that the 4 serum miRNAs were significantly increased in HCC cases over that seen in the controls (at least P < 0.05), similar to the former cohort.
Diagnostic accuracy of the selected serum miRNAs
Next, we conducted ROC curve analyses on each of the individual five serum miRNAs to assess the diagnostic value of each for discriminating between HCC and normal subjects in a validation cohort. The AUCs for these miRNAs were 0.918, 0.838, 0.898 and 0.871, respectively ( Figure 3AD ). The ROC curve for the panel demonstrated a remarkable accuracy for the diagnosis of HCC, demonstrated by an AUC of 0.995 (95%CI: 0.9851), which was much larger than the AUC values for each of the 4 individual miRNAs ( Figure 3E) . We then performed a risk score analysis to further evaluate the potential of these 4 miRNAs for distinguishing HCC patients from normal controls. In the validation phase, the cutoff value was 2.258, and 8 healthy controls had a risk score < 2.258, while 73 of the 84 HCC patients exhibited a risk score > 2.2584 ( To identify the specificity of the miRNAs selected in an additional validation cohort for HCC, we also tested the expression of these miRNAs in the serum of patients with liver cirrhosis and chronic hepatitis. We found that miR10a and miR122 were significantly increased in the serum of patients with chronic hepatitis compared with those of the normal controls (P < 0.001), while there was no significant difference between patients and normal controls for the expression of the two other miRNAs.
Expression of the four HCC diagnostic miRNAs after surgery
Next, we examined whether the four miRNAs could be used to assess tumor dynamics in patients with HCC. The expression of these miRNAs in serum samples that were divided into two paired groups was compared before and after surgery in 80 HCC patients. We found that the four miRNAs were all reduced after operation significantly (P < 0.0001) but still were higher than in the normal controls (at least P < 0.05) ( Figure 4AD ).
DISCUSSION
In this study, through the use of a TaqMan Low Density Array (TLDA) and individual RTqPCR validations, we examined the expression of serum miRNA in HCC sys tematically and found a new miRNA panel (miR10a, miR122, miR375 and miR423) that can distinguish HCC patients from normal controls effectively and that is significantly downregulated after surgery. It has been reported previously that miR21, miR122, mi125a/b, miR199a/b, miR221, miR222, miR223, miR224, miR1623p, miR92a3p, miR107, and 31265p were all significantly altered in HCC patients compared with those of the controls [1720] . In contrast, we found that the 4miRNA panel in our study had a high AUC of ROC curves at 0.995. We also measured the expression of these miRNAs in the serum of patients with liver cirrhosis and chronic hepatitis and found that while miR10a and miR122 were significantly increased in the serum of patients with chronic hepatitis compared with those of normal controls (P < 0.001), there was no significant difference between the patients and normal controls in the expression of the two other miRNAs. Therefore, for diagnosis of HCC, the 4miRNA panel discovered by our work is more specific than any single miRNA.
To date, there have been few reports about the dif ferential expression of miRNAs in paired postoperative and preoperative plasma/serum samples from HCC patients. We compared the level of expression of the 4 miRNAs in paired serum samples before and after surgery in a large cohort (n = 80) of HCC patients and 
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found that expression of all 4 was reduced significantly after surgery but was still higher than in the normal controls. Therefore, the 4 miRNAs were considered effective to monitor the tumor dynamics of HCC pa tients. Studies show that there are some tumorderived miRNAs [10, 2123] , and serum miRNAs secreted by tissues and circulating cells affected by this disease [3] . In cancer patients, the major reason for differential miRNA expression profiles may be the passive or active release of miRNAs by tumor cells. Although the levels of these 4 miRNAs in the serum after surgery did not return to basal levels, their expression levels were significantly reduced after surgery, demonstrating to some extent that tumors can secrete or release some miRNAs. However, further research is needed to confirm this. In primary colorectal cancer (CRC), matrix metallo proteinase 14 (MMP14) and actin gamma 1 (ACTG1) were validated as target genes of miR10a in CRC cells, and miR10a can promote migration and invasion in vitro. miR10a inhibited metastasis in vivo by regulating the epithelialtomesenchymal transition and anoikis [24] . AntidsDNA IgG Ab downregulated miR10a expression in human mesangial cells (HMCs), resulting in the induction of various target genes involved in HMC proliferation and chemokine expression [25] . MiR10a contributes to NSCLC by targeting PTEN [26] . There are also many studies on the role of miR122 in hepatic diseases. A novel hepatitis B virus (HBV) mRNAmiR122PBF regulatory pathway that facilitates malignant hepatocyte growth and invasion in chronic hepatitis B (CHB) that may contribute to CHB induced HCC development and progression has been reported recently [27] . Inflammationinduced miR122 downregulation in hepatitis contributes to carcinogenesis, and it has been suggested that increasing miR122 may be an effective strategy for preventing HCC development in CHB patients [28] . MiR375 was involved in the Hippo pathway by targeting YAP1TEAD4CTGF axis to regulate the progress of gastric tumorigenesis [29] and may be negatively regulated by Snail and involved in gastric cancer cell migration and invasion by potentially targeting JAK2 [30] . MiR423 functions as an oncogene in glioma tissues by suppressing ING4, and it has been implicated that it has therapeutic potential for the treatment of glioma [31] . Mir423 can also induce endoplasmic reticulum (ER) stress and oxidative stress by inhibiting GSTM1 and can suppresses repair after acute kidney injury [32] . Further investigation of these 4 miRNAs (miR10a, miR122, miR375 and miR423), including identifying the target genes and mechanisms involved in their altered expression is necessary for understanding the significance of their differential expression in HCC patients. However, there are still some limitations in our study. First, the specificity of AFP which were used often to evaluate the diagnostic value of HCC, but our diagnostic model were not compared with AFP. Second, the sample size was relatively small in our study, more samples are needed to evaluate the diagnostic value. Third, the target gene of the selected miRNAs were not detected.
When an RTqPCR assay is performed, proper nor malization by using a stably expressed internal reference gene is critical for accurately quantifying RNA levels. To date, no consensus on endogenous gene controls has been established in the study of circulating miRNAs. Different studies have used different genes as their endo genous controls, such as RNU6B, RNU44, RNU48, and miR16 [33, 34] , with different results in each case. In this study, to normalize serum miRNAs, we employed the combination of let7d, let7g and let7i as reference genes, the approach of which is statistically superior to a single reference gene and can better correct for experimental changes [9] . Results demonstrated that between the HCC and control groups, let7d/g/i remained relatively steady.
In summary, we found a novel serum miRNA panel (miR10a, miR122, miR375 and miR423) diagnostic for HCC, and all 4 of these serum miRNAs were increased in HCC patients compared to the levels in normal con trols. Specifically, we have also demonstrated that these 4 miRNAs may serve as biomarkers for predicting the prognosis of HCC. 
ARTICLE HIGHLIGHTS
Research background
Detection, diagnosis, and surgical treatment are the key to the improvement of liver cancer treatment. However, there is little extensive analysis of the dynamic changes and prognostic value of serum microRNAs (miRNAs) in hepatocellular carcinoma (HCC) patients.
Research motivation
miRNAs can be used as useful biomarkers for cancer. With a very poor 5-year survival rate in HCC, markers to assess prognosis or treatment effect are equally important.
Research methods
TaqMan Low Density Array was used to screen in two pooled serum samples respectively from 35 HCC and 35 normal controls, and then the screened miRNAs were validated individually by RT-qPCR in two phases. The selected miRNAs after operation and their prognostic value were also evaluated.
Research results
miR-375, miR-10a, miR-122 and miR-423 were found to be significantly higher in HCC than in controls, and tAUC for the 4-miRNA joint diagnostic panel was 0.995 (95%CI: 0.778-0.934). The four miRNAs were significantly decreased after surgical removal, but still was higher than normal controls.
Research conclusions
The four serum miRNAs (miR-375, miR-10a, miR-122 and miR-423) could potentially serve as novel biomarkers for the diagnostic and prognostic of HCC.
Research perspectives
This study provides an effective and non-invasive detection method for the detection of HCC, however, more samples and the early detection value should be investigated in the future study.
